Definition
Before discussing an animal model for chronic bronchitis and emphysema I will direct a few remarks to some of the special aspects of the problems which this disease presents. Also, I should like to review briefly the more pertinent studies that have been concerned with the possible role of viral infections in the etiology and pathogenesis of chronic bronchitis and emphysema.
In the first place, largely because of ignorance of etiology and pathogenesis, this disease, or group of diseases, is hard to define. The clinical concept of chronic bronchitis, as diagnosed by a history of productive cough, without specific lung disease, existing for an arbitrarily chosen period of time is now commonly accepted.12 So, too, is the concept of emphysema, defined at the Ciba Symposium of 1959, as a "condition of the lung characterized by increase beyond the normal in the size of air spaces distal to the terminal bronchiole either from dilatation or from destruction of their walls."2 Many pathologists, however, now insist that the definition include only conditions in which there are destructive changes in the alveolar walls, as set forth in a statement of the American Thoracic Society.' Such definitions, unfortunately, are not very valuable from a clinical viewpoint. Moreover, since there still are so many differences of opinion concerning clinical diagnosis and definition it would seem useful, for practical purposes, to define this syndrome by describing a typical case. A prototype, as depicted in Table 1 , would be a middle-aged man, a heavy cigarette smoker for years, who has a chronic productive cough; acute exacerbations, often initiated by upper respiratory infections, commonly occur, especially during the winter. Dyspnea, signs of airway obstruction, and impairment of ventilatory capacity develop sooner or later. Chest X-rays usually are tions, and are then rapidly followed by bacterial infection. For example, when treatment or long-term prophylaxis with a broad spectrum antibiotic such as tetracycline is attempted, the number of acute exacerbations is not reduced even though the numbers of certain bacteria, especially pneumococci and H. influenzae found in the sputum may be less, and the severity and duration of disability from each episode are diminished.`" A result such as this might be expected if one assumes that the exacerbation is initiated by some nonbacterial cause, such as a viral infection, and then prolonged and intensified by bacterial infection."' Moreover, further studies suggest that the bacterial component of the infection, in some instances, may be due to acute invasion by H. influenzae and/or pneumococci already present but lying dormant in the patient's respiratory tract rather than to such bacteria freshly acquired from contacts. ' Although viruses long have been suspected of playing some part in the etiology and pathogenesis of chronic bronchitis and emphysema, only recently has much concrete evidence been obtained which may be interpreted as incriminating these agents."2' With the aid of practical tissue culture techniques a whole host of new viruses causing respiratory disease has now been discovered and characterized.' Clinical, epidemiological and virological studies have established the role played by many of these agents in the causation of respiratory illness in the population at large.`'2 It remains to be determined, among other things, whether there is any association between these newly discovered viruses and the acute exacerbations of chronic bronchitis; whether any of these viruses are present in the respiratory tract of bronchitics between exacerbations; whether they produce unusual illness in bronchitics; and whether the incidence of infections due to these agents in bronchitics is different from the incidence in comparable control subjects. Before examining the rather scanty data available concerning these problems it seems appropriate to review briefly the present status of respiratory viruses. Table 3 enumerates and describes some of the characteristics of the viruses known to cause respiratory illnesses. The influenza viruses that multiply readily in embryonated eggs were the only such agents known before the introduction of practical tissue culture techniques and the use of suckling mice for isolation and identification of viruses. Isolation of the Coxsackieviruses was followed, in rapid succession, by discovery of other enteroviruses and myxoviruses, adenoviruses, respiratory syncytial and rhinoviruses. With few exceptions, each of the respiratory viruses may produce illnesses covering a broad spectrum, ranging from a mild head cold at one extreme to pneumonia at the other. In most instances, however, infection with each virus is most likely to portray a characteristic clinical manifestation. Thus, influenza virus most commonly is assocated with the clinical syndrome of influenza or grippe, but infection with influenza virus, in some instances, may produce a febrile sore throat, a common cold or even pneumonia. The common cold is most often associated with rhinovirus infections but an identical clinical picture may result from infection with almost any one of the respiratory viruses. The respiratory syncytial virus most frequently causes bronchitis, bronchiolitis, and pneumonia in children, but also, not infrequently, is responsible for colds in adults.`~' Stuart-Harris and others had shown some years ago that serious and sometimes fatal exacerbations of chronic bronchitis often are associated with influenza virus infections.." There also is good evidence that other lower respiratory tract complications of influenza are more common in individuals with chronic lung disease than in previously healthy persons.-"" Until recently, however, little or no significant data were available concerning the role which other viruses may play in the pathogenesis of chronic bronchitis and emphysema. Table 4 summarizes the results of several recent studies that have been carried out in attempts to determine whether any association could be found between acute exacerbations of chronic bronchitis and respiratory viral infections.`8 Although no evidence of associated viral infection was discovered in the earliest studies, after two or three years when better techniques were used, substantial numbers of exacerbations were found to be associated with viral infections. Thus, when attempts were made to identify viral infections both by virus isolation and by serological tests, as many as 39 per cent of acute exacerbations were associated with viral infection. Table 5 shows the kinds of respiratory viruses that were found to be associated with exacerbations. Of the 74 infections identified 38%o were due to influenza virus, 27%o to rhinoviruses, 16%o to In choosing an animal model for any human disease one may search either for means of producing the disease experimentally in an animal or for a naturally occurring animal disease which simulates the human disease.
One great theoretical advantage of an animal model for chronic bronchitis and emphysema is that cigarette smoking, an environmental factor that overshadows all other factors in man, is automatically eliminated. Another is the shorter life-span of most animals, making it feasible to study the disease prospectively. But it is difficult to find any sort of animal model for chronic bronchitis and emphysema, a disease which in man is so complex and which evolves over a period of many years. Moreover, efforts to find an animal model may be doomed to failure, as Tyler has emphasized, unless an animal whose lungs are anatomically comparable to the human lung is chosen.' There is, however, one such naturally occurring animal model, and I should like now to describe it briefly and to speculate concerning the role that viral infections and some other factors may play in its pathogenesis. Heaves in the horse is a disease long recognized as simulating emphysema in man, as regards both clinical manifestations and pathological changes. The following description, paraphrased from portions of an article on heaves or pulmonary emphysema of the horse, was taken from a standard textbook of diseases of domestic animals?:
The frequency of the disease increases with age. It is exceedingly rare in the young, but common at an older age. During the early stages there are few signs and symptoms. Expiration is prolonged, however, and during inspiration there is a slight sinking-in of the intercostal spaces. Later, expiratory dyspnoea is pronounced, and the prominently curved ribs produce a barrel-shaped thorax, a picture which portrays the character of the disease on first sight. The percussion sound over the lungs is deeper and markedly loud. The area of cardiac dullness becomes smaller, or may disappear entirely. Weak vesicular breathing is heard often, together with rales, rhonchi or whistling. The exacerbations of the existing bronchial catarrh, which are not infrequent, produce cough and strong, and frequent adventitious sounds. The heart sounds are weakened, and the second pulmonary sound is commonly accentuated. Shortness of breath increases markedly during work, and edema appears in the subcutaneous tissues, in consequence of cardiac weakness. Months, perhaps years, elapse until the disturbance in respiration and circulation point, even at rest, to material tissue changes. Decided variations in the course of chronic pulmonary emphysema often are observed, and depend upon the state of the bronchial catarrh, which is usually present. Every exacerbation of the bronchitis, no matter from what cause, gives rise promptly to rapidly increasing dyspnoea.
On gross pathological examination, the lungs appear larger, softer, less elastic, and paler than normal. Their surfaces frequently show the impressions of the ribs, and the heart is covered by the lungs to an increased extent. Individual air vesicles can be recognized with the naked eye, and between them sometimes larger air spaces up to the size of a hazelnut. The lung tissue collapses more slowly than under normal conditions, and the pale red, cut surface discharges only a small amount of foamy blood. Small droplets of pus, which may appear on pressure, point to the existence of bronchial catarrh. The enlarged lungs are lighter in weight than those of healthy animals. Hypertrophy of the right cardiac ventricle is found in advanced cases and in the most severe cases, also dilatation with signs of general congestion.
As those who are clinically oriented will recognize immediately, this classical description of heaves or emphysema in the horse bears a striking resemblance to that of human emphysema. Moreover, because of the anatomical similarity of the horse's lung to the human lung, many pathologists might have a difficult time distinguishing, by microscopic study, the lung of a horse with heaves from that of a human being with emphysema.' It occurred to me to study a number of horses that had been exposed to different environments, and, in particular, to search for evidence of viral infections in horses with heaves, since the horse is known to suffer from respiratory infections, including those due to influenza viruses that are closely similar to a strain of this virus known to cause human influenza. A group of horses, most of which had spent many years in an urban environment, was readily available at Otisville, New York, and specimens of lung and other organs have now been obtained from a number of these animals. Specimens also were obtained from other horses at slaughter houses in the Midwest. Many of these animals were draft horses obtained from farms in the Midwest, and presumably they had spent most, if not all, of their lives in a rural environment. Microscopic sections, stained with hematoxylin and eosin, from two or more different portions of lung of each animal were carefully examined for evidence of emphysema, bronchitis, bronchiolitis, pigmentation, and other changes. In addition, tracheobronchial lymph nodes from many of the horses were examined. Emphysematous changes of some degree were seen in most of the lungs, and were graded on a 1+ to 4+ scale, with 4+ representing severe emphysema. These changes were quite uniformly distributed, that is, all sections from different parts of the lung of each animal showed about the same degree of emphysema. Table 6 summarizes some of the results of this study. Animals were grouped according to age and environmental background. Fairly accurate estimates of the ages of the urban animals could be made, but only rough estimates were available for the rural horses. Of the 7 horses in the urban group, all were old animals. In the rural groups there were 17 old and 7 young horses. Unfortunately, there were no young horses from an urban environment. The data suggest that emphysema is highly prevalent among horses, since 22 of the 31 animals studied had evidence of severe emphysema, and this, indeed, may be the case. On the other hand, the figures may be deceptive in this respect, because the groups are selective, and the animals may have been chosen for slaughter because of illness or incapacity for work due to emphysema. The data, however, do confirm the known fact that emphysema, with or without bronchitis, which closely resembles the disease of man, occurs naturally in the horse. Moreover, the data suggest that severe equine emphysema is a disease of older animals, as is known to be true of human emphysema. There is some suggestion, too, that exposure to an urban environment may be a predisposing factor, but the difference between 82 per cent in the older rural horses and 100 per cent in the urban animals is insignificant, and it may well be due to a difference in age rather than to environment. Some information concerning the possible role of infection also was obtained since sections from a number of animals with emphysema showed evidence of chronic bronchitis and, in two instances, acute inflammation with purulent exudate within the lumina of bronchioles, was present. There appeared to be some increase in mucus-secreting tissue in the tracheobronchial system of animals with bronchitis, but this facet of the problem has not yet been carefully studied.
With the thought that there might be some relationship between the amount of dark pigment present and the degree of emphysema, an estimate was made of the amount of such pigment in sections of lung as well as tracheobronchial lymph nodes, as shown in Table 7 . There did, indeed, appear to be a relationship between the presence of large amounts of pigment and environment since sections from all 7 of the urban animals contained a considerable amount of pigment whereas only four of those of the 24 rural animals were heavily pigmented. On the other hand, there appeared to be little, if any, relationship between the presence of pigment and emphysema since only 4 of the 15 rural animals with emphysema showed large amounts of pigment in their lungs and/or tracheobronchial lymph nodes. Studies of human emphysema in this country, however, have shown that black pigmentation of the lung is more often associated with emphysema and/or mucous gland hyperplasia than with heavy cigarette smoking.' Moreover, Gough suggests that exposure to coal dust may be a significant etiological factor in the focal or centrilobular emphysema that occurs in Welsh coal miners. ' No attempt has been made as yet to identify the pigment found in the lungs and tracheobronchial lymph nodes of these horses. Furthermore, the sources and character of most of the pigment commonly found in human lungs and long assumed to be carbon, in reality are unknown. Some of the pigment actually is carbon and can be identified as such by electron microscopy and physicochemical techniques, while the remainder is as yet unidentified."2 Photomicrographs of the lung illustrating equine emphysema, bronchitis, and dark pigmentation are shown in Figure 1 .
So far, a search for viruses has been made in only a few of the lungs and other tissues obtained from these animals. A herpesvirus-like agent has been isolated from kidney tissue cultures of one of the urban horses with severe emphysema but no virus could be found in its lung.'8 This agent produces herpesvirus-like CPE in equine lung and kidney tissue cultures, but has not yet been found to multiply in tissue cultures other than those derived from the horse. Electron micrographs of infected equine tissue cultures reveal intranuclear herpesvirus-like virions, while the hematoxylin and eosin stained sections show eosinophilic intranuclear inclusions. Needless to say, there is no evidence that this agent has any role in the etiology of equine bronchitis and emphysema. More likely, it is another example of the "latent viruses" which have been found so commonly in tissue cultures of other animals, especially those of monkeys, and whose source and significance are unknown.'
DISCUSSION
During the past few decades the prevalence of many infectious diseases of relatively simple etiology has declined markedly in much of the western hemisphere. In some countries, through the use of public health measures, antibiotics, and vaccines, diseases such as typhoid fever, smallpox, and paralytic poliomyelitis have all but disappeared. Concomitantly with these gains, however, significant and even alarming increases have occurred in the prevalence of such chronic and complex diseases as ischemic heart disease and pulmonary emphysema. With few exceptions, these chronic diseases are difficult to control because of the complexity of their pathogenesis, the slowness with which they evolve, and ignorance of specific etiology.
The clinical syndrome of chronic bronchitis and emphysema is perhaps unique among this group of chronic and complex diseases in that one environmental factor-heavy cigarette smoking-is almost invariably associated with it. Moreover, there usually are a variety of other associated environmental factors although there is little agreement as to what, if any, etiologic role they may play.
In view of the great increase in the prevalence of chronic bronchitis and emphysema, and in view of the dim outlook for control or elimination of cigarette smoking, at least in the immediate future, it seems of urgent importance to try to identify and evaluate the possible pathogenetic significance of other associated factors. While much already has been learned from determinations of prevalence and other retrospectively oriented studies, further elucidation of pathogenetic associations probably will depend to a large extent upon long-term prospective studies. In the meantime it may be equally important to search carefully for clues as to etiology and pathogenesis which may be derived from the study of animal models, both naturally occurring and experimentally produced.
One has to conclude, however, that studies of animal models must be complemented by prospective studies of the naturally occurring disease in man himself in his natural setting. Moreover, one cannot adequately investigate chronic bronchitis and emphysema by looking for a single etiologic agent. Infectious agents certainly appear to play some role in the etiology and pathogenesis of this disease, and one must look carefully for a number of specific agents such as Hemophilus influenzae, pneumococci, and respiratory viruses, as well as for nonspecific irritants such as cigarette smoke; furthermore, one must be prepared to look for these agents again and again over a span of years. Such things as genetic and ethnic background, socioeconomic status, endocrinological and even emotional and psychological makeup, occupation, smoking, drinking, and other living habits also have to be studied. In addition, one must investigate the environment, including not only the degree and kinds of air pollution and industrial exposure, but also the stresses and strains of life to which the individual might be exposed. All of these studies probably will have to be carried out longitudinally over a period of many years in as large a population as one can muster. This obviously is a big order, but it seems unlikely that we shall ever get a true picture of chronic bronchitis and emphysema and perhaps other chronic, complex, and slow diseases of man until all such factors are studied. In the long run, one must study man in his natural environment, slowly and painfully observing the evolution of the disease and trying to evaluate the factors associated with it.
SUMMARY
Chronic bronchitis and emphysema is a "disease-complex" or syndrome of uncertain etiology and pathogenesis. Certain environmental and other factors, chief among which are heavy cigarette smoking and recurrent respiratory infections, are commonly associated with it. The prevalence of emphysema, a disease now ranked as one of the leading causes of death and of disabling morbidity in the U.S.A., currently is doubling every five years.
Bacterial infections of the respiratory tract, especially those caused by pneumococci and H. influenzae, have long been recognized as playing a significant role in acute exacerbations. More recently, evidence has been accumulated that strongly suggests that respiratory viral infections, especially those caused by myxoviruses, rhinoviruses, and respiratory syncytial viruses may be responsible for initiating the exacerbations.
Because of the highly complex and slowly evolving nature of this disease in man and the great difficulty of assessing the possible pathogenetic role of infection and other factors, and because these factors tend to be obscured by the almost universal association of heavy cigarette smoking, a suitable animal model is badly needed. The remarkable resemblance of the horse's lung to the human lung and the occurrence, under natural conditions, in this animal of a disease strikingly similar to human emphysema makes the horse peculiarly suitable as a model. A study of lungs obtained from 31 horses, some from an urban and some from a rural environment, revealed severe emphysema in 21 of 24 older animals, regardless of environmental background, but in only one of 7 younger animals. A considerable amount of pigment was found in the lungs and/or tracheobronchial lymph nodes of all 7 of the urban horses, but in only 4 of 24 animals from a rural environment. There was, however, no apparent relationship between emphysema and the presence of pigment. Many of the animals with emphysema also had evidence of bronchitis and/or bronchiolitis.
A herpesvirus-like agent was isolated from kidney tissue cultures of one of the horses with emphysema.
